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PURPOSE: To provide a composite semiconductor circuit device 
of a structure, wherein an Si electronic circuit element, a group III- ; 
V elements optoelectronic circuit element and an optical wiring (a 
waveguide) are formed on the same substrate, and a method of 
manufacturing the device. 

CONSTITUTION: A composite semiconductor circuit device has a 
group HI— V elements optoelectronic element (a GaAs 
optoelectronic element) 12 and an Si LSI 13, which are formed 
next to each other on an Si substrate 1 1 . A wiring material layer is 
buried in holes 1 5 for wiring formed from the flat surface of an 
Si02 film 14, which covers the element 12 and the Si LSI 13 and is 
used as a flattened layer, in the vertical directions, to form a wiring 
16. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] III formed together with Si substrate top It has a group-V group electron and a photoelectron 
component, and SiLSI, and is said III. Compound semi-conductor circuit apparatus characterized by 
forming said lateral wiring evenly in the substrate with which between the group-V group electron and 
the light corpuscle child, and Si component was wired. 

[Claim 2] It sets to claim 1 and is III. Although a top face has a group-V group component in an 
equivalent location compared with SiLSI, an underside is formed from a lower part, and it is III. 
Compound semi-conductor circuit apparatus characterized by the thickness of a group-V group 
component being thick. 

[Claim 3] III formed together with Si substrate top It has a group-V group electron and a light corpuscle 
child, and SiLSI, and is said III. Compound semi-conductor circuit apparatus characterized by forming 
evenly said lateral electrical and electric equipment and optical wiring in the substrate with which the 
electrical and electric equipment and optical wiring of between a group-V group component and Si 
component were carried out. 

[Claim 4] In the process which forms the electrical and electric equipment and a light corpuscle child on 
the compound semi-conductor substrate which carried out heteroepitaxial growth of the compound 
semiconductor on Si substrate (1) The process to which some Si substrates are made to carry out 
heteroepitaxial growth of the compound semiconductor selectively, (2) By the first flattening membrane 
layer which covers the whole front face and consists of a flattening ingredient, more thickly than surface 
irregularity Wrap process, (3) The process which carries out flattening of the front face of the flattening 
membrane layer of the above first by polish, (4) The process which grows up desired component 
structure on the semi-conductor by which flattening was carried out, and which carried out selective 
growth, (5) By the second flattening membrane layer which covers the whole front face and consists of a 
flattening ingredient, more thickly than surface irregularity Wrap process, (6) The process which carries 
out flattening of the front face of the flattening membrane layer of the above second by polish, (7) - the 
process at which even the electrode formed in a substrate Si substrate, the semi-conductor substrate 
which carried out selective growth, or them makes a hole in some flattening ingredients which carried 
out flattening, and (8) - the production approach of the compound semi-conductor circuit apparatus 
characterized by what a wiring material is made to deposit on the hole, and the process which wires on a 
front face is included for. 

[Claim 5] The production approach of the compound semi-conductor circuit apparatus which digs deep 

Si front face of the part into which a compound semiconductor is grown up beforehand, and is 

characterized by forming III group-V group semi-conductor thickness thickly after a surface 

[ continuing ] flat chemically-modified degree in claim 4 in case some above-mentioned Si substrates 

are made to carry out heteroepitaxial growth of the compound semiconductor selectively. 

[Claim 6] The production approach of the compound semi-conductor circuit apparatus characterized by 

arranging in the part of desired thickness an ingredient with the slow polish rate which stops polish in 

claim 4 or 5 in case a flattening ingredient is ground. 
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[Claim 7] The production approach of the compound semi-conductor circuit apparatus which carries out 
flattening by surface polish after covering more thickly [ after forming the lst-layer optical wiring in 
claim 4 on this flat front face in which wiring was formed on the front face of a flattening membrane 
layer / in the third flattening membrane layer which consists of a flattening ingredient ] than surface 
irregularity, and is subsequently characterized by forming the 2nd-layer optical wiring which carries out 
an abbreviation rectangular cross with said lst-layer optical wiring. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] the compound semi-conductor substrate with which this invention is represented 
by GaAs/Si etc. ~ setting — the [ Si electronic-circuitry component and ] — III It is related with the 
group-Vth group ("III group-V group" is called below) light, an electronic-circuitry component, the 
compound semi-conductor circuit apparatus that produces optical wiring (waveguide) on the same 
substrate, and its production approach. 
[0002] 

[Description of the Prior Art] III It sets to a group-V group / Si, and is III. The group-V group device 
was produced and the wiring process was performed as it was. 

[0003] The outline of manufacture of the conventional compound semi-conductor circuit apparatus is 
shown in drawing 19 . In this drawing, in Si substrate and 02, SiLSI and 03 illustrate an quality 
improvement layer and 04 illustrates [ 01 ] a component layer respectively. When wiring in the former, 
the wiring material was only carried for SiLSI02 and the component layer 04, and wiring 05 was carried 
out. 

[0004] By the way, as shown in drawing 19 , SiLSI02 and the component layer 04 have a level 
difference, and this level difference becomes large according to multiplexing of a photograph process. It 
is especially III. It sets to a group-V group / Si, and is III. It is necessary to carry out the laminating of 
the film which amounts to several micrometers to the quality improvement layer of a group-V group 
crystal, and especially the problem of a level difference is large. Moreover, when there was this surface 
level difference, that wiring had a difficult thing. One is a wiring piece by the level difference. 
Moreover, one had the badness of the piece of RISO by the depth of focus of the photograph process by 
the level difference. By these factors, it is III. The group-V group / Si compound semi-conductor circuit 
apparatus was able to do only what has a low degree of integration. 

[0005] On the other hand, the need of carrying out optical wiring of between the light emitting device- 
photo detector of light is searched for. There is an approach using optical waveguide as the one 
approach. Generally optical waveguide consists of a part (core) which passes along light, and a part 
(clad) (there may be air) from which the refractive index to which it is made for light not to escape from 
a core differs. The light included in a core is the technique of sending light to a desired place, without 
leaking outside (being low loss when it puts in another way). 

[0006] However, it is difficult for optical waveguide to bend light rapidly, and it differs from an electric 
lead wire. Therefore, the above III Since surface irregularity was large and caused loss when optical 
waveguide is formed on a group-V group / Si compound semi-conductor circuit apparatus, it did not 
realize. 

[0007] This invention takes an example by the above-mentioned problem , and is III which needs thick 
film formation . It aims at offer the light and the electronic compound semiconductor device which it 
made [ semiconductor device ] it possible to perform a photograph process and a wiring process on a flat 
front face , and raised the level difference piece of wiring , the improvement in photograph precision , as 
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a result a degree of integration by that cause , and these were formed [ semiconductor device ] upwards , 
and realizes optical waveguide of low loss , and its production approach also in a group-V group / Si . 
[0008] 

[Means for Solving the Problem] The configuration of the compound semi-conductor circuit apparatus 
concerning this invention which attains said object is III formed together with Si substrate top. It has a 
group-V group electron and a light corpuscle child, and SiLSI, and is characterized by forming said 
lateral wiring evenly in the substrate with which between said III group-V group electrons and light 
corpuscle children, and Si components was wired. 

[0009] It sets in said configuration and is III. Although a top face has a group-V group component in an 
equivalent location compared with Si-LSI, an underside is formed from a lower part, and it is III. It is 
characterized by the thickness of a group-V group component being thick. 

[0010] Moreover, the configuration of other compound semi-conductor circuit apparatus has the III 
group-V group electron and the light corpuscle child, and SiLSI which were formed together with Si 
substrate top, and is said III. In the substrate with which the electrical and electric equipment and optical 
wiring of between a group-V group component and Si component were carried out, it is characterized by 
forming evenly said lateral electrical and electric equipment and optical wiring. 
[001 1] In the process at which the production approach of the compound semi-conductor circuit 
apparatus concerning one this invention forms the electrical and electric equipment and a light corpuscle 
child on the compound semi-conductor substrate which carried out heteroepitaxial growth of the 
compound semiconductor on Si substrate (1) The process to which some Si substrates are made to carry 
out heteroepitaxial growth of the compound semiconductor selectively, (2) By the first flattening 
membrane layer which covers the whole front face and consists of a flattening ingredient, more thickly 
than surface irregularity Wrap process, (3) The process which carries out flattening of the front face of 
the flattening membrane layer of the above first by polish, (4) The process which grows up desired 
component structure on the semi-conductor by which flattening was carried out, and which carried out 
selective growth, (5) By the second flattening membrane layer which covers the whole front face and 
consists of a flattening ingredient, more thickly than surface irregularity Wrap process, (6) The process 
which carries out flattening of the front face of the flattening membrane layer of the above second by 
polish, (7) - the process at which even the electrode formed in a substrate Si substrate, the semi- 
conductor substrate which carried out selective growth, or them makes a hole in some flattening 
ingredients which carried out flattening, and (8) — a wiring material is made to deposit on the hole, and 
it is characterized by what the process which wires on a front face is included for. 
[0012] In the above-mentioned configuration, Si front face of the part into which a compound 
semiconductor is beforehand grown up in case some above-mentioned Si substrates are made to carry 
out heteroepitaxial growth of the compound semiconductor selectively is dug deep, is also set after a 
surface [ continuing ] flat chemically-modified degree, and it is III. It is characterized by forming group- 
V group semi-conductor thickness thickly. 

[0013] In the above-mentioned configuration, in case a flattening ingredient is ground, it is characterized 
by arranging in the part of desired thickness an ingredient with the slow polish rate which stops polish. 
[0014] In the above-mentioned configuration, after covering more thickly [ after forming the lst-layer 
optical wiring on this flat front face in which wiring was formed on the front face of a flattening 
membrane layer / in the third flattening membrane layer which consists of a flattening ingredient ] than 
surface irregularity, flattening is carried out by surface polish, and subsequently it is characterized by 
forming the 2nd-layer optical wiring which carries out an abbreviation rectangular cross with said lst- 
layer optical wiring. 

[0015] Namely, while adopting the approach of this invention stacking (1) flat ghost thickly, carrying 
out flattening by polish which has a track record in flattening, and progressing to the following process 
(2) III It is III before carrying out hetero-epi of the group-V group. The part which carries out group-V 
group growth is dug deep, and flattening irregularity by the above-mentioned approach is lessened, (3) 
Since the marker who stops polish of flattening material automatically in self aryne (lengthwise 
direction) is put in, the conditions required of polish are made loose and flattening is carried out by that 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



8/29/2006 



JP,06-232126,A [DETAILED DESCRIPTION] 

« 



Page 3 of 8 



the improvement in repeatability is obtained, and (4) above It becomes possible to produce the 
conventional optical waveguide technique (FOTORISO process to include), after accumulating light and 
an electronic circuitry (semi-conductor), and it becomes possible [ combining electronic wiring and 
optical wiring ]. If it puts in another way, they are old SiLSI and III. It is going to realize chip intrinsic- 
light INTAKONEKUSHON in the so-called board, without spoiling a group-V group photoelectron 
technique. 
[0016] 

[Example] Hereafter, one example concerning this invention is explained with reference to a drawing. 
(Example 1) Drawing 1 is the schematic diagram of the compound semi-conductor circuit apparatus 
concerning this example. It is III which forms this equipment together with the Si substrate 1 1 top, and 
becomes as shown in this drawing. While having a group-V group electron and the light corpuscle child 
12, and SiLSIB, a wiring material is embedded in the hole 15 for wiring respectively formed in the 
direction of a vertical from the flat side of the wrap flattening layer 14 in these, and it comes to give 
wiring 16. 

[0017] GaAs/Si is explained to drawing 2 and the 1st example is explained to an example. SiLSI 12 is 
produced on the Si substrate 1 1. Si front face which is not formed at all is exposed by making some 
fields into a GaAs field. The process which carries out selective growth of the GaAs on this substrate is 
performed. First, Si02 The laminating of the film 21 is carried out with a CVD method. And Si02 of a 
part which should grow GaAs according to a FOTORISO process The film 21 is etched and the Si 
substrate 1 1 is exposed ( drawing 2 (A)). 

[0018] GaAs is Si02 although it is the process grown up by vapor growth. It is possible not to grow up 
on the film 21 but to make only Si front face carry out epitaxial growth selectively. Thus, about 4- 
micrometer selective growth of the GaAs layer 22 was carried out ( drawing 2 (B)). 
[0019] Then, Si02 as first flattening membrane layer With the CVD method, about 5-micrometer 
laminating of the flattening film 23 was carried out ( drawing 3 (A)). This thickness is seen from Si front 
face, and is made to have set up thickly 1 micrometer as compared with the thickest GaAs front face (4 
micrometers). Then, it is Si02 by chemical machinery polish. Polish flattening of the flattening film 23 
was carried out with the GaAs layer 22 until it became the thickness of 3 micrometers from Si front face 
( drawing 3 (B)). 

[0020] Consequently, surface surface smoothness was made into irregularity and became below 50A. 
Si02 To flattening and coincidence of the flattening film 23, GaAs layer 22 front face is also Si02. It 
was ground to the same height as a front face. For this, the polish rate of the GaAs layer 22 is Si02. It 
compares, and since it is quick, it is Si02. When flattening is performed, a GaAs front face is also Si02 
automatically. It has the description that flattening is carried out in respect of being the same as a front 
face. 

[0021] Then, Si02 The light corpuscle child (LD (Laser Diode) and PD (Photo Detector)) 25 who 
consists of the electronic device (they are HBT (hetero BiPolar Transistor)24, and HEMT (High 
Electron Mobility Transistor) and FET at this example) which becomes the front face which the 
flattening film 23 and the GaAs layer 22 have exposed from GaAs and AlGaAs, GaAs, and AlGaAs was 
produced ( drawing 4 (A)). Here, it is Si02 to the appearance shown at the process of drawing 2 (B). 
Selective growth was performed by the film, the electron and the light corpuscle child 26 could be 
produced only into the part which the front face of the GaAs layer 22 has exposed, and the GaAs 
electron and the light corpuscle child 12 were formed in it. Component thickness was a thick place and 
was about 1 micrometer. 

[0022] Then, it is Si02 as second flattening membrane layer because of flattening. About 2-micrometer 
laminating of the flattening film 27 was carried out ( drawing 4 (B)). Then, it is Si02 by chemical 
machinery polish. Polish flattening of the flattening film 27 was carried out until it became the thickness 
of 4.3 micrometers from the front face of the Si substrate 1 1 ( drawing 5 (A)). Surface surface 
smoothness was made into irregularity and became below 50A. 

[0023] Next, perforation for wiring is performed to the electrode section of SiLSI13, and the GaAs 
electron and a light corpuscle child 12. A photoresist is applied to homogeneity, and it exposes with a 
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mask, and is Si02 at RIE. The usual photograph process of etching the flattening film 27 selectively was 
performed. Here, it is Si02. Since flattening film 27 front face was flatness (<50A), the piece which is a 
photograph was good and was able to make the thin hole 15 to the limitation (this process this 
equipment, line breadth precision of 0.1 micrometers) of photograph equipment ( drawing 5 (B)). 
Theoretically, if the precision of equipment improves, it will be thought that it is possible to about line 
breadth 50A. 

[0024] Then, the wiring metal was made to adhere with a CVD method, and wiring 16 was given. Here, 
it is Si02. It connects without confusing and disconnecting in the perforation (pinhole) section. Again, 
wiring 16 of a wish was able to be given according to the photograph process from the front face 
( drawing 1 ). 

[0025] In addition, although omitted, it is also possible after this wiring to multilayer wiring 16 here by 
repeating each process shown in drawing 5 (A), drawing 5 (B), and drawing 1 . Although three- fold 
wiring was actually performed, there was no change in the precision and others of wiring in any way, 
and having multilayered was possible. 

[0026] (Example 2) InP/Si is explained to drawing 2 and the 2nd example is explained to an example. 
SiLSI which left the wiring process on Si substrate is produced. The process which carries out selective 
growth of the InP on this substrate is performed. In this example, the 8-micrometer crevice 31 was 
beforehand dug deep to the Si substrate 1 1 as a field which should carry out selective growth of the InP 
layer. 

[0027] First, Si02 The laminating of the film 21 is carried out with a CVD method. And Si02 of a part 
which should grow InP according to a FOTORISO process The film 21 is etched and the Si substrate 1 1 
is exposed ( drawin g 6 (A)). 

[0028] In the example 1, although Si front face into which InP is grown up was the same as other Si 
front faces, by this example 2, the InP growth part is made into the crevice 31, as mentioned above. 
[0029] The approach of two copies was performed as the production approach for this crevice. 
[0030] One of them is the approach of forming a crevice 3 1 after the process of drawing 2 (A) in an 
example 1. At the process of drawing 2 (A), it is Si02. The film 21 is etched, Si substrate is also etched 
further, and it was made to become about 8-micrometer crevice 31 from Si front face, as shown in 
drawing 6 (A), the photoresist which etches Si02 film 21 by this example as etching of this Si substrate 
1 1 - as it is - leaving - RIE (reactive ion etching) - it formed in the crevice 31 by law. In addition, it 
cannot be overemphasized that it is possible to use other Si dry etching techniques, a wet etching 
technique, the other techniques known from the former, and an approach. 

[0031] other one approach is the approach of boiling a crevice 31 by the above-mentioned approach, and 
forming the field into which InP is grown up among the Si substrates 11, before forming SiLSI13. In 
this example, although both two above-mentioned approaches were used, the same effectiveness was 
acquired by both. About the formation stage of this crevice, the more advantageous one can be used in 
relation with a SiLSI formation process. 

[0032] InP is Si02 although it is the process grown up by vapor growth. It is possible not to grow up on 
the film 21 but to make it grow up to be the front face of the Si substrate 1 1 selectively epitaxial. Thus, 
about 10 micrometers of InP layers 32 were grown up ( drawing 6 (B)). 

[0033] Then, Si02 as first flattening film With the CVD method, about 3-micrometer laminating of the 
flattening film 23 was carried out ( drawing 7 (A)). This thickness is seen from Si front face, and is 
made to have set up thickly 1 micrometer as compared with the thickest InP front face (2 micrometers). 
Then, it is Si02 by chemical machinery polish. Polish flattening of the flattening film 23 was carried out 
until it became the thickness of 1 micrometer from the front face of the Si substrate 1 1 ( drawing 7 (B)). 
[0034] Surface surface smoothness was made into irregularity and became below 50A. Si02 To 
flattening and coincidence of the flattening film 23, InP layer 32 front face is also Si02. It was ground to 
the same height as a front face. For this, the polish rate of InP is Si02. It compares, and since it is quick, 
it is Si02. When flattening is performed, an InP front face is also Si02 automatically. It has the 
description that flattening is carried out in respect of being the same as a front face. Then, Si02 The 
light corpuscle child (LD (Laser Diode) and PD (Photo Detector)) 34 who becomes the front face which 
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InP has exposed from InP, the electronic device (they are HBT (Hetero BiPolar Transistor)33, HEMT 
(High Electron Mobility Transistor), and FET at this example) which consists of InGaAsP and InP, and 
InGaAsP was produced, and the electron and the light corpuscle child 35 were obtained ( drawing 8 
(A)). 

[0035] Here, it is Si02 to the appearance shown previously. It was possible to have produced an electron 
and the light corpuscle child 35 only into the part which selectivity was maintained and InP has exposed. 
Component thickness was a thick place and was about 1 micrometer. 

[0036] Then, it is Si02 as second flattening film because of flattening. About 2-micrometer laminating 
of the flattening film 27 was carried out ( drawing 8 (B)). Then, it is Si02 by chemical machinery 
polish. Polish flattening of the flattening film 27 was carried out until it became the thickness of 3.3 
micrometers from Si front face ( drawing 9 (A)). Surface surface smoothness was made into irregularity 
and became below 50A. 

[0037] Next, perforation for wiring is performed to the electrode section of SiLSI13, and the InP 
electron and a light corpuscle child 36. A photoresist is applied to homogeneity, and it exposes with a 
mask, and is Si02 at RIE. The usual photograph process of etching the flattening film 27 selectively was 
performed. Here, it is Si02. Since flattening film 27 front face was flatness (<50A), the piece which is a 
photograph was good and was able to make the thin hole 15 to the limitation (a process this equipment, 
precision of 0.1 micrometers) of photograph equipment ( drawing 9 (B)). 

[0038] Then, the wiring metal was made to adhere with a CVD method. Here, it is Si02. It connects 
without confusing and disconnecting in the perforation (pinhole) section. Again, the wiring 16 of a wish 
was able to be formed according to the photograph process from the front face ( drawing 10 ). 
[0039] In this example, since the growth field of the InP layer 32 is dug deep beforehand and concave 32 
is formed, the thickness of the InP layer 32 done also as the same thickness as an example 1 can thicken 
structure on Si front face by 8 micrometers dug deep. InP compares with GaAs and is III. As a group-V 
group / Si, even if comparatively thick, there is little generating of a crack (refer to Prior art). Therefore, 
it is more advantageous for there to be about 10 micrometers in quality improvement. 
[0040] At examples 1 and 2, it is Si02 as flattening film. The same result was obtained, although the 
used example was shown, in addition although SiNX, Si3 N4, and polyimide were carried out similarly. 
Thus, all can be used if it is the ingredient which can carry out flattening by chemical machinery polish, 
and does not affect each component, wiring, etc. as flattening film. Moreover, in the production 
approach of the flattening film, the approach of variety multiple use (a spin-on glass, CVD, spatter 
membrane formation, spreading, etc.) can be used similarly. 

[0041] (Example 3) The case where a polish halt layer is inserted next in the case of chemical machinery 
polish is explained. 

[0042] Almost all processes are the same as an example 1. A different process is shown below. 
[0043] Only the front face of the Si substrate 1 1 which operates like an example 1 and is shown in 
drawing 2 (B) was made to carry out selective growth of the GaAs layer 22. 

[0044] Next, Si02 It compares with the film 21 and is Si3 N4 with a slow polish rate. The laminating of 
the film 41 was carried out as a polish halt layer by 2.95micrometer**0.05micrometer ( drawing 1 1 
(A)). 

[0045] Next, it sets to a flat part and is Si3 N4. The film 41 is etched selectively ( drawing 1 1 (B)). 
Furthermore, it is Si02 as first flattening film. 5 -micrometer laminating of the flattening film 23 is 
carried out ( drawing 12 (A)). 

[0046] Then, it is Si02 by chemical machinery polish. The flattening film 23 is ground. Under the 
present circumstances, although polish termination was aimed being the same as that of an example 1 at 
4.3 micrometers, about 0.1 -micrometer exaggerated polish was performed rather than it. However, Si3 
N4 Si02 It compares, and since the polish rate is slow, polish is Si3 N4. It stops in the place of a layer 
41 ( drawing 12 (B)). 

[0047] This is Si02 to which it opted for a polish halt with the parallelism of the Si substrate 1 1 and 
abrasive cloth, and it was left behind in the location precision in the example 1. Film distribution is 
determined. That is, precision was required. Since a polish halt is determined by the polish halt agent 
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(Si3 N4) by this example as compared with it, it is unnecessary in the precision of parallelism. 
Consequently, a polish machine is cheap and ends, there is no special technique — ** — it has the 
description that the polished surface excellent in repeatability is acquired. In addition, also in the process 
shown in drawing 4 (B) which forms the second flattening membrane layer and forms a flattening layer - 
drawing 5 (A), as a result of putting in the same polish halt and operating it similarly, it was unnecessary 
in the precision of parallelism. 

[0048] (Example 4) The example which carried out selective growth to some substrates, and carried out 
flattening of the selective growth front face as the 4th example next is shown. 

[0049] Although the growth conditions which do not grow into a problem perform in the examples 1-3, 
selective growth may be unable to attain well according to the growth approach of a compound 
semiconductor, and conditions. 

[0050] As the example, polycrystal growth on edge growth and a selection mask is. 
[005 1] Edge growth is the phenomenon of becoming quicker than the growth rate made into the object 
near the selective growth mask, in selective growth. The growth raw material on a non-grown up 
selection mask is carried to a selective growth field by gaseous-phase diffusion or growth side 
migration, and this is understood to be that to which the growth rate near the selective growth mask of 
selective growth speeds up. 

[0052] With growth of the polycrystal to a selection mask etc., originally, although nothing should grow 
up to be a selection mask, depending on growth conditions, a compound semiconductor deposits also on 
a selection mask (for example, when ******** of growth is too high etc.). This sludge also does various 
kinds of failures to an after process as surface irregularity. 

[0053] The place which operates it like an example 2, and you make expose Si front face of the place 
which should grow InP, and wants to grow is Si02. The film 21 was used as the selective growth film 
( drawing 13 (A)). In order to shorten growth time amount, growth time amount was shortened, and 
******** was raised in this example for the object which raises a throughput. 
[0054] Therefore, more than the growth thickness of the InP layer 32 made into the object in **InP 
growth field is Si02. Crystal 32b grew also on ** selective growth film growth (edge growth) 32a 
Carried out near the selective growth film ( drawing 13 (B)). 

[0055] These pose a problem in the following process. In this example, it sets in this condition, and is 
Si02 as flattening film similarly. The laminating of the flattening film 23 was carried out ( drawing 14 
(A)). Then, chemical machinery polish performed flattening ( drawing 14 (B)). 

[0056] Consequently, although growth on the selective growth film of edge growth 32a and polycrystal 
32b etc. was, flattening of the front face was carried out (this drawing 14 (B)). 
[0057] Although the InP selective growth field had edge growth 32a, the flat InP side was created. 
[0058] Although polycrystal 32b existed in flattening material (here Si02), flattening was realized as a 
front face. 

[0059] (Example 5) Next, in addition to optical - electronic fusion, the example which also mixed 
optical waveguide is shown as the 5th example. As a process, the following process was performed after 
the wiring process ( drawing 15 (A)) shown in drawing 10 of an example 2. 

[0060] After performing a wiring process in the example 2, the optical waveguide 51 of a high refractive 
index was produced on the front face between photo luminescence photo detectors (here, I/O of the light 
from a device table side is performed) ( drawing 15 (B)). Here, as shown in drawing 16 , total reflection 
of the light from the luminescence photo detector 12 is carried out by the waveguide 51 produced aslant, 
and light is efficiently turned into the optical waveguide 51 extended in a longitudinal direction. In this 
phase, optical wiring and electric wiring were completed and the object is achieved. 
[0061] In this example, optical wiring was duplex-ized further. The laminating of the flattening material 
52 was carried out by thickness thicker than a wiring level difference, and chemical machinery polish 
performed flattening ( drawing 17 (A)). 

[0062] Optical wiring was performed after that between CVD, the light emitting device of a request of 
optical waveguide by photo etching etc., and the photo detector ( drawing 17 (B)). here — as duplex- 
izing of optical wiring - a longitudinal direction - optical waveguide 51 A ( drawing 1 7 (B)) and the 
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direction of space of the 1st layer - optical waveguide of 2nd layer 5 IB ( drawing 17 (B)) ~ having 
carried out (referring to the top view of drawing 18 ) — of course, these are combined suitably — it is 
possible. Moreover, in the process of the 2nd-layer optical wiring, it is also possible to carry out electric 
wiring simultaneously. 

[0063] In this example, the luminescence photo detector by the compound semiconductor was in the 
high location compared with other components etc. (since the distance of a luminescence photo detector 
and optical waveguide is short when it puts in another way), there were few optical leaks and good 
optical coupling (optical wiring) was realized (III it has appeared in this example that a group-V group 
crystal is a thick film in the effective good direction). 

[0064] In this example, flattening has accomplished the front face in the optical wiring process here 
(below 50A), and loss or the leakage (it is related to a cross talk) to the exterior became possible 
[ realizing very few objects ] as optical waveguide. 

[0065] In addition, even if it made the electric wiring process and the optical wiring process into reverse 
and performed the electric wiring process after the optical wiring process, it had the same operating 
characteristic. 

[0066] In addition, in this example, optical wiring was made into the longitudinal direction by 

considering the luminescence light-receiving direction as field luminescence. And conversion to the 

horizontal-length oblique position of light is performed using the total reflection side produced aslant. 

[0067] In addition, the approach by the grating was also enforced to change the light of the direction of a 

field into a longitudinal direction. Moreover, in lateral LD and the lateral photo detector which form a 

cavity, although interference between the total reflection ** gray CHIINGU ** waveguides produced 

aslant [ ** ] etc. performed combining the 1st optical wiring and the 2nd optical wiring etc., what has a 

property comparable as optical wiring (waveguide) produced on the conventional flat surface was 

obtained. In addition, not all the existing waveguide techniques are applicable also until it says. 

[0068] (Example 6) The description of the compound semi-conductor circuit apparatus produced by the f 

above-mentioned approach is shown. 

[0069] In order to perform electric wiring on flat, wiring on the required level difference became 
unnecessary by the conventional approach. When it wired on a level difference conventionally, wiring of 
the part became thin and the problem was in dependability — wiring goes out during circuit apparatus 
operation. In this circuit apparatus, since it wired only in the flat part, the problem of this degradation by 
the level difference was lost, the dependability (life test of wiring) of a circuit apparatus became being 
the same as that of wiring of the conventional flat part, and marked improvement was obtained. 
[0070] Moreover, in the conventional method, in order to secure the above-mentioned dependability, the 
approach of thickening the width of face or thickness of wiring was required for reverse. When put in 
another way, wiring width-of-face regulation was decided by the level difference section rather than was 
decided by it of a flat part, therefore - for example, in spite of having had the line breadth precision of 
0.1 micrometers in the flat part, in order to maintain the above-mentioned dependability of the level 
difference section, it was securable [ in the conventional method, ] in the semi-conductor circuit 
apparatus production equipment of this example only to 0.5 micrometers as line breadth. In the case of 
this example, there is no such thing and it does not have an adverse effect on dependability and the yield 
as 0.1 micrometers of the equipment engine performance. Therefore, the semi-conductor circuit 
apparatus of this invention was able to obtain the compound semi-conductor circuit apparatus of high 
accumulation as compared with the conventional object. 

[0071] Also in optical wiring, it has the same description as the above-mentioned electric wiring. 
Furthermore, in optical wiring, it has the following description and the impossible compound 
semiconductor circuit has been realized with the conventional method. 

[0072] In optical wiring on the conventional level difference, in spite of having been lateral optical 
wiring, according to the level difference, wiring was changing in the vertical direction. Although light 
closed by waveguide and eye ** had accomplished, loss of the light transmitted in optical wiring by 
dispersion of light, leakage out of waveguide, etc., the cross talk during wiring by optical leakage, and 
breaking of a single mode arose with this level difference. Therefore, thin optical wiring and long- 
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distance optical transmission were impossible. As the example, there was about 3dB loss in the level 
difference of 3 micrometers. In the case of this example, it has the description that all of those problems 
are solved. 

[0073] Moreover, in optical wiring, the propagation property becomes a factor with the big surface 
smoothness of the interface of waveguide. When irregularity is in the interface of waveguide, it is there, 
and is scattered about, buildup of propagation loss and bleedoff of the light to the exterior arise, and 
light worsens a waveguide property remarkably. When waveguide was conventionally produced on a 
level difference, the piece of a photograph was not able to be improved from the relation of the depth of 
focus of a photograph process. Therefore, when the level difference became large, irregularity occurred 
in the interface (outer wall) of waveguide. The irregularity of 1 micrometer had occurred in the level 
difference of 3 micrometers. It was impossible to have made a single mode spread 1.5 -micrometer light 
in the irregularity of 1 micrometer. However, in this example, the irregularity of an interface is 
controlled by 0.03 micrometers or less, improvement marked in propagation effectiveness is found, and 
the loss has become ldB or less in transmission (about 4mm) in a chip. 

[0074] Thus, it has the description said that the interface surface smoothness (linearity) of the compound 
semiconductor device of this invention of both optical waveguide of the vertical direction and a 
longitudinal direction (irregularity of an interface) is improving, and has the optical wiring property 
which is not acquired in the Prior art. 

[0075] Since the semi-conductor part is thick, it is III. The crystallinity of a group-V group compound 
semiconductor is improving, when it produces with a conventional method, it is going to acquire the 
same crystallinity as this example ~ if it puts in another way - equivalent III if it is going to acquire a 
group-V group semiconductor device property - III The top face of a group-V group semiconductor 
device becomes a location higher than the top face of Si-LSI. Therefore, in light and electric wiring, 
there was disadvantage that wiring of a lengthwise direction became long. It sets to this invention circuit 
apparatus, and is III. It becomes the height same [ a top face ] as group-V group circuit apparatus and Si 
circuit apparatus, and wiring of a lengthwise direction is realized short. Wiring becomes short and it has 
the description that the propagation effectiveness by the electrical and electric equipment and optical 
wiring improves. 
[0076] 

[Effect of the Invention] According to this invention, it becomes possible to perform III-V hetero 
epitaxial growth, III-V element formation (growth), a FOTORISO process, wiring, etc. on a flat front 
face, and dotage by the level difference piece of wiring and the depth of focus difference of a 
photograph resulting from irregularity etc. can be solved. Therefore, high accumulation is attained. As a 
result, a response becomes a high speed. Moreover, in a Prior art, it becomes possible to have formed the 
light corpuscle child upwards and to create the optical waveguide by which loss was large and was 
considered that implementation is impossible. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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^e-rsxssrff 5o *njfiW"Ctt, i n pi^im 
s i mm 1 1 t-*a «9 r^*sv\fc. 

[0 0 2 7] $1\ S i0 2 R2 l£CVDj£lCj;!9 3B 
JfT3 0 -t LT N 7* h V yxgfclj;3, InP^S 



6 

i-^#«£<BS i0 2 R2 l&^yT^U S i S« 
1 l£gft£^5 (0 6 (A) ) 0 

[0028] nmmix^ up^s^si* 

Hk<DS i^BBtra— -efcofc^, **ifc«2/T* 
InPMMli, ±SfiLfc<t 5t-lMI^3 1 t It 

[0 0 2 9] r^[UI$P^CO^K*&<tLTii, 2 HO* 

[0 0 3 0] ^lott, *J6Wlfc*5»t5H2 (A) 

io <DTM<Dmcw&3 i&j&i&'fzjjmxfoZo 02 

(A) <7)IST\ Si0 2 l21 Ssny^^U Std 

siistx^fy^u 06 (a) izTjk-rm^^ si 

S iSSl lOx^f tt*Hffi«m SiO 

2^2 1 Z^y^y-fZy* b Isitx h«r*rO*£» 
LT3o#, RIE (yr^r>f^t^s,fy^ jfe 

[0 0 3 1] ftflO 1 o<D^j£fi N S i L S I 1 3 £rffM 

«Sr±E<0*ffi^J:!9IHi«B3 1 trK:*/* LT*5< *ffiT* 
foSo *jt«fi«t?H:, ±E2o<?5*&W*tr^v^3js, 

oivcts, s i ls i»*xai<oBBiifcS3v^, ^rfij 

[0 0 3 2] i nPtt&ffi/Sfi&fciDiSfiSiarSXg 
Si02«2 1±l:tt*fitf, SiiSi 
30 l cotSCx fcf ^ * >> ^ StR ft jc^cfi 

RrtB-e«>5o rw«(CttInPl3 2^10Mm^ 
S^fc (06 (B) ) 0 

[0 0 3 3] ittlvC, fg-^ififtjgl^ LTOS i 0 2 
¥SM2 3^CVDSia^ »3//miI^Wc 

(0 7 (A) ) o ^OBWtt. S iStBD^&^-r, ftfc 
ffVMnP^B (2/im) idJfclfcLT, l/imJ?<K5g 
£i*:T£>6 0 *<0«, ft«WWi:J:!), Si0 2 ¥ 
±&{fcBl2 3?rS iSfil 1 ymWl:4 

5*T\ ii¥ttftS*fc (0 7 (B) ) 0 
40 [00 3 4] *ffi^pattti, Hafi(C LT 5 0 AWT t ft 

ofco s i o 2 ^mtm2 3<D¥mktmmz s up 

i32iB{)S i 0 2 «ffitl^CH^ST*Wli^ttfco 
rtlH> I nP<Dmm&&&S i 0 2 fcJtULT, 
fc^, S i 0 2 ¥fiflS*fx5 t I nPSffifc S 

i o 2 Sffiti^i:ffi-e¥Wi:$tL6i^5#«SrWtT 

V^ 0 Ji^T\ S i 0 2 (bin P^JUBLTV^SBB^ 
InP, InGaAsP^451^ 
I2HBT (Hetero BiPolar Transistor) 3 3 t HEMT 
(High Electron Mobility Transistor) joitFFET) 
so MnP, InGaAsP^fj^^*^ (LD (Lase 
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r Diode) iPD (Photo Detector) ) 3 4&^${L«^- 
• 3t*^-3 5£#fc (H8 (A) ) „ 
[00 3 5];:m jfefc^L Si0 2 ia 

<9 iltRttrtWctt, I n P riSgfcH LX^-5£B#©^{£, 
ifJ?(lJi:v^fi)fT\ &I1 AtmXfcof;:. 

[00 3 6] *tvvt\ ¥Wtofc»i;, »x©spfi{t;BI 

t LXS i 0 2 ¥±&fcl»2 7£iS$2 M m«Jl Lfc (HI 8 
(B) ) ffc^1t«WI§lcJ;iJ. Si0 2 ¥t 

M2 7 5rS i»^3. 3 m m©ff^t-ft 3£X\ 

W* s PfflftS*fc (B9 (A) ) . Sffi^attli, ifl 

\ZLX5 0A6lTt4ofc„ 
[00 3 7] Wl, SiLSI 13, InP^^-ftSt 
3 6 ©fflSSB#(C, la^fflCO^Bfltt^rtTeio 7*hl/ 

v 5 ^ h£J£j— -^^X^feU R I EX'S i O 

2 ¥*iteag2 7 k^imftn 
7* hT.nzft^tz 0 s i o 2 ¥aft;M2 7^ 

ffi^spjtt «5 0A) X&5fc«\ 7* r-©ija*LtfS& 
<, 7* h^BOPS-W- (#3Sfi, IST-IIO. 1/imO 
ffiS) *T\ *ffll>3tl 5&fflVZ>^kfci?$-tt (129 
(B) ) „ 

[0 0 3 8] CVD&{C±t9 6ai»&®£ttjtf£ 

-ttfco rrx-tt, S i0 2 ©5tBBtt (fV^-A-) SH- 

7* MgKJ: i9M^©Bfi*|l 6 Sr^-rar tds-et 
fc (El 1 0 ) „ 
[0 0 3 9] *mmmX'l*. fchfrZtbl nPJf 3 2© 
^ftfBWSr* 0 i&A,T*M 3 2^1X^5^ S i 
^ffi±©«i£SrllJ£#iJ 1 tdJCd^i Ltt, fctiJtLhrt* 

0 fc I n P m 3 2 ©IKipas s « 5 8 <x m#7£ttJ£ 
<t5rim5 0 InPttGaAsiltfLt, II 

1 m-vm/s i t Ltii, \m.mm-<x*>?7 y?<D 
[0040] mmm 1 , 2 ¥«fldKt usio 

2 £JEWc.#]£7j%Lfc;^ -ecDft&lcS i N x , S i 3 N 

-So 

[0041] (njfefifii 3 ) mzitmmmm<omc y w 
[0042] fs£A,t'©i@t4. mmm 1 1 m cxa> 

[0 0 4 3] MMl tra«fc«kf^U-CB2 (B) (C* 
■f S i mWL 1 1 ©3effi©#.RlG a A s S 2 2 SrSft/jfcg 



[0 0 4 4] fcfc, S i 0 2 S2 1 \zitmLxwm&%. 

©3§^S i 3 N 4 ^4 1 2. 95(im±0. 0 5 y 

mxwm&±mk LxmmLtc mn (a) ) „ 

[004 5] JJct, ¥fiW-*3^X , S i 3 N 4 14 1 
trS^W^s/^^^-rS (Hill (B) ) . Mfc, SB 
— ©spaftJJi: LXS i 0 2 spffl{kBI2 3&5nmmm 
•T5 (121 2 (A) ) . 

[0 0 4 6] *©fft, {MSWWBWfcJ: 9, s i o 2 ¥ 
SfcBl2 3©W«<Ht5„ r©BWIgS&T&*i60U t 
10 PCflU. 3 it mSrB*IC-f*JiS, *ni9t>»0. 

1 nmJr— s<WB%ft-?tc„ La»L&as£>, S i 3 N 4 
ttS i 0 2 JCjtt5ELTBF*iiffi* J iSV>fc*, WSfiS i 
3 N 4 14 1 ©MXfflt-f-S (B12 (B) ) . 

[0 0 4 7] dixfi. HJSCT 1 X'i4, WSffJhiJS, S i 

stsi 1 kmmmktoWftmxfrjzzn. 
xmztitzs io 2 mMs&fcfe-tz. 

&SXfcofc 0 *ilfcifc«EL, ***WCHt, Wl§f£jt 

jWaWfciWH (s i 3 n 4 ) -eftjtstbifc*, 

T¥fiftJi«:»*-*-5H4 (B) ~g|5 (A) KtfLTz 
[00 4 8] (HJSC9J4) ft(C^4©^JS0tJi: LT, £ 

[00 4 9] nis^j 1 ~ 3 -ctinmcA e> *v^«*«= 

30 S^gds 9 * < jtfiKT? # t£ v fc -5 o 

[0 0 5 0] ^(DmkLX, WR-v* 

[00 5 1] aiy^n-xtJi, »SU*ftt*JV^T, 

***** 6 1> © i 3S» 4 v ^ * . 
[0 0 5 2] WlT^^^©#*S*f)5©j«fti:H:,- * 

«^#tcj:oX«, (09*.tf, ^ft©iD^fp*^fli-t-#* 

[00 5 3] mmm2tmmmi¥hx, inp^i 
-rs^tmws i^3D^8m4-&, M^tt<^« 

tt, S i0 2 R2 l*ajR*ftg|4:Lfc (013 

(a) ) . xmnrnxK. &&mffl&m.ffi£it?>iz#>i- 
so w©^je>^^fpasr±tffc 0 
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[0 0 5 4] •?■©£©, ® I n P**««C*SV^Ttt. 

I n PS 3 2 ro^ftKJl^±/5S S i0 2 i« 
fifcfittiS#-CfiRft dr^D-^) 3 2 a Lfc. ©8 
KjfcftBLhtefc, ^£3 2b^fiU (013 

(B) ) . 

[0055] rixfett, &©x®fci3v^"craJBfc*5. 

T©Si0 2 ¥t«2 3Sr«JlLfc (014 

(a) ) . *-©&, <k¥WMVtm\c£ <o y-mtzn^-rt 
(mi 4 (b) ) „ 

[0 0 5 6] * ^j/i?;/n-^ 3 2 a, #S&ffl 

*\ *iB*isFffl^snfc (i^iai4 (b> ) 0 

[0 0 5 7] InPIRigfaii, i-y^^n-^.3 
2 a JSfcofcC'b^bbf, TO* I n PffiaSflsjfcS 

[0 0 5 8] 3 2 b tt, w-mttt s 
i 0 2 ) rtfc#«Ei-5^ 4 gffiiLTte, TO^sHm 

[0059] mnms) msnrnMrnt ur, 

(Ell 5 (A) ) fc, #;©Xg£:tTofc 0 

[0060] mmm 2 xnmjLmzn-o±'&. 
fc (mi 5 (b) ) „ mi e « 

[0 0 6 1] #3IJ§0iJ-ei4, $ P>fc3feBS»Sr 2 Ste L 

± 19 ¥-mt*f!oit (mi 7 (a) ) o 

[0 0 6 2] ^©tCVDi7* haiy^^^ti 

flof- (mi 7 (b) ) . ftsaiH©2m{t;t 

Lt> *#Gl«:IBl 5 1 a (mi 7 

(B) ) . IK®;£ft£|B2jf©ftai|&8g5 1 B (117 

(b) ) tLtc m 1 8 (DW-mm&m) **, ^ivbzm 

[0 0 6 3] **lt«kl*V^T, fc£*¥*frfc.fc.5* 

fc») , 3tt9Ux*«^*<, Av»*ttA (ttEJft) ^ s Hm 
(in ^-v^fi^ffK-efeSri:^, 

[0 0 6 4] *HJS«!ltC*5V>-Cf4, ftiasixg 



70 

{r*5V>T, ^ffitt¥ffl{W^*tfC*3<9 (50 ASX 
ta^Ttlirftofc. 

[0 0 6 5] ««E«iai3tBMlxaSriS»^b 
T, jfeB*I«0>«fc:. *^ISi»XS5rtToTt. 

[0 0 6 6] m ^ &B3Sft 
[0 0 6 7] B*l«a©3l£Sr«*l«ataE»i-4 

# roiJWEiSttflfSr^-caffl -c * 5 r t ttm 0 * -e t M 
[00 6 8] (HJ60tJ 6 ) ±|B^&ic <fc 9 ft® LltmUr 
[0 0 6 9] ¥-®.±\zm,%L$i$iZft 0 fc*, 

*0SS^Bt-*5^T 14, ¥fift SB^T'CO^gai^ * tvTV > 

sfcfc, ssifc«t5r©^b©raiat4ft<ftt), iai»si 
swmffitt (Ei»©^w») t4, ^*©5pagi5©Ba*i 

[0070] *fciS»tc, «*fefc*sv^r»4. ±ta{f«14 
© ; ett-c i **5©T*(4ft<, s^ss-est*oTv>fco t 
^sctftbf, t*3fe«fe^*5v>Tt4, mmn<D±.&mm 

*»-c#j5c*»ofc. r©«ftrtf4ft 

ms§igBi4, izmnmatmLx, &Mmom&¥&& 
[0071] 3te»[c*jv^-ct, ±iEm«ga^t i^«© 

mx-%tz 0 

[0 0 7 2] a*«)aS±©JtBi»t*S^rH:, 



I 
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[0 0 7 3] 3tga^tC*3^-C, ^r(De#i|#+tii, 

7* hxe<©«tj£SSfl?<0B8«j&»e>, 7* h©mft£&< 

^»ssw#ffi (^s) fciMiiajjmfeLfc. ftusfi 

IH£iT*«\ 1. 5 /Bm©3t*'>^^/U*— KSH£«£* 
^tli« ^SJWPDCIi, 0. 0 3 nmUTfcWm&tlX 

So 

[0 0 7 4] *l8Kro«-^^flE^B«> ± 

So 

[0 0 7 5J fcoT^Sfc*. III* 

s, m-w-tzt, mm<oiu m-vm*mKm?®&z 
mzob-rzt, in m-vm*m#m*<z>±m&, s 

i - L S I ©±IJ; <5 m^&mzti:?),, Zn-ftlb, % • 
#<feofc. **M@8Si6Bt*3V>T«, III K-vang 

[0 0 7 6] 

[IIIOM] #3PJ?i::J;*U£, III -VatdiW 

^f + ^JL III -V*-¥-»* , 7tF!)y 



i2 

[Hi] ^KOHJfeeil^SlS^^lHlBSiSBtotEIS 

[H 2] Hi roHJS0iJ(DX@ll-t?fcS o 
[12 3] ^l^>H16«<?5XSI21-Cfc5o 
[B4] »i©**«©XSB|-e*>*. 
[El 5] SSl©3a6«0>XSH-eS>5. 

[H6] *2©§fcifc09<DieB-e*>a. 

[BS7] jB2<0SHS09©XSB|-e*>5. 
[18] «2©ld6«IOXSHT?*)5. 
[09] ^2ro3ll£«CDX@iat?foSo 
[HIl 0] ^ 2 <D||;te0tJ<DXam 

[nil] m3(Dmmm(Di:mmxh^o 

[Ell 2] fB3<©*lS«<0IgB|-e*>5. 
[111 3] *4ro*ttfl|©XgB-Cifoa. 

[iii4] m4(Dmmm<oxmmxi>^ 

[mi 6] ^^s*tti53fcBB«m-efcSo 
[mi 7] jB5©*ais«0>xgB-ea!>5. 
[mi 8] ?tgen (it) , *^ie«iw¥ffimT*fc5o 
[hi 9] ^w«-g-***iH]si^eoaB&mTfe5o 

11 Si gffi 

12 GaAstf • ytm* 

13 S i L S I 

14 Si0 2 l 

15 ft 

1 6 sm 

2 1 S i0 2 I 

2 2 G a A s Jf 

2 3,2 7 S i 0 2 ¥»fldS 

2 4, 3 3 

2 5, 3 4 

26,35 m?- 
31 mn 

3 2 InPi 

3 2a xj/^^b-^ 
3 2b J&£ 

3 6 In • Jt*^- 

4 1 Si 3 N4l 

5 1 
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